Aiming at shortage of the SPIHT algorithm, an improved image compression algorithm is proposed, in order to overcome the shortcomings of decoding image quality and coding time, LS9/7 lifting wavelet transform is adopted. According to the characteristics of the human visual system (HVS), the scanning mode and the method to determine the threshold of algorithm are changed to improve the quality of reconstruction image. On the question of repeating scan of SPIHT algorithm, using maximum list thought, greatly reduce the computation and save operating time. The experimental results have proved that the improved algorithm of image decoding time and the quality of reconstruction images are better than the original algorithm , especially in the case of low bit rate.
Introduction
Wavelet transform has a good locality character of timefrequency domain, overcome the limitations of Fourier transform in dealing with the smooth complex image signal effectively, the sub-image after transformation has strong comparability. It is convenient for coding the subsequent, made the wavelet transform widely used in image compression field. J. M. Shapiro proposed EZW (Embedded Zero-tree Wavelet) [1] algorithm in 1993, the complexity of this algorithm is not high, and the streaming is embedded. It is easy to control compression ratio and realize scalable coding. A. Said and W. A. Pearlman proposed a new efficient improvement method in 1996, namely SPIHT (Set Partitioning In Hierarchical Tree) [2, 3] , using the spatial direction tree, this method shows wavelet coefficients of zero tree structure efficient and accurate, which increased the compression efficiency and reduced the complexity of the coding.
SPIHT algorithm treat the lowest frequency sub-band coefficient the same importance, so when sorting and scanning process using LIP determine the importance of the wavelet coefficients, only a small part of the bits are used for coding important information, especially in low bit rate, it will inevitably lead to the quality of the recovery image descend. Need a lot of storage space, and exists the disadvantage of repeating problem, this paper focused on the problems of SPIHT algorithm and proposed an improved scheme, combined with the human visual characteristics. To reduce the algorithm of middle storage and the time consumption, meanwhile improved the quality of the decoded image in low bit rate.
Related Algorithm Principle

Lifting Wavelet Transform
Sweldens using lifting format (Lifting Scheme, LS) construct wavelet transform in 1994.The basic idea is by a inertia Wavelet (Lazy Wavelet, LW),and gradually construct a new wavelet [4] [5] [6] . Lifting format gives a simple and effective method to construct the biorthogonal wavelet. It use the basic polynomial interpolation to get the signal of the high frequency components, by constructing scale function to get the signal of the low frequency components. This scheme consists of three steps: split, predict and update. Supposed the original signal is x[n], the exchange process of the signal is as shown in 
U( ) 
Because 9-7 integral wavelet lifting scheme has good energy concentration, vanishing moment is bigger. So adopt the 9-7 integral wavelet lifting scheme in this article. As shown in Figure 2 . Biorthogonal lifting wavelet coefficient can obtain by solving FIR wavelet filters in time domain. Here, gives LS9/7 wavelet coefficient directly:
Take the approximate value:
SPIHT Algorithm
1) Partition rules of algorithm
The main idea of SPIHT algorithm [2, 3] is by reduced progressively threshold sequence generating a series of important diagram (or bitmap) to approximate every wavelet coefficients gradually.
For any node bring in four sets as follow:
The coordinate sets of the four direct subsequent node of ; ( , ) i j : The coordinate sets of all the subsequent node of ;
The coordinate sets of all the subsequent node except direct subsequent node of namely:
The top of coordinate sets in decomposition of the wavelet pyramid.
For all child nodes except root node of : a) The initial segmented set consists of and ,
If is important, split it into and four single element sets. .
. The basic operations of SPIHT algorithm are set test, it description as follows:
2) Algorithm description: SPIHT algorithm consists of three linked list to record coding information:
LIS: List of Insignificant Sets; LIP: List of Insignificant Pixels; LSP: List of Significant Pixels; a) Initialization Suppose
wavelet coefficients, the initial LSP is empty. 
Improved SPIHT Algorithm
According to the human visual characteristics, the sensitivity of the human for the high frequency information is far less than the low frequency, therefore do the following treatment: weighted each sub-band coefficient as in [7] [8] [9] which shown in Table 1 , multiplied by each coeffi-cient when coding and divided by it while decoding. 1) Adopt different threshold for the different low frequency and high frequency sub-band, LL layer are different from the other three layers, so the lowest frequency sub-band and other three bit allocation adaptive when coding, make the output streaming distribution more bits to the low-frequency coefficients. So, it will gain higher signal-to-noise ratio (SNR) in the same bit rate situation. In the case of the same SNR, due to improve detailing the threshold, the system exist more zerotree. It can reduce the coding time computation effectively.
2) Improvement of the low frequency sub-band After processing as step 1), to the lowest layer coefficient LLN of the nth decomposition, output priority as fine scanning streaming, it will receive this information the first while decoding, according to this message restore the scanning process and decoding. Using this op-timization measures to ensure that transmit important visual coefficient priority, also is the standard of the fre-quency for priority, the low frequency information should be transmit prior than high frequency, and when two principles (frequency priority and absolute value priority) conflict, consider frequency priority at first. Improved the quality of reconstruction image in low bit rate.
3) Improvement of the high frequency sub-band For the other three high frequency sub-band as in [10] [11] [12] , using maximum list thought as follows: establish maximum linked list MAX in the initial process, store the maximum coefficient of corresponding elements node of LIS, if maximum number exceeds the threshold, then scanning corresponding coefficient position of LIS, otherwise, don't consider the current threshold. In the later process, will compare the threshold and maximum value only, do not need to compare one by one, and thereby reducing the large amount of calculation. Improved algorithm initialization as the formulation given in (4)
n max = max(n max2,n max3,n max4) Table 2 shows the experimental data of improved algorithm of different decomposition layers and coding level. By experiment we find that the best result are three layers of wavelet decomposition and eight level coding. Table 3 shows the comparison of the basic algorithm and the improved algorithm. In this experiment, Take 512 * 512 * 8 bit Lena as the test image when in the case of three layers of wavelet decomposition and eight level coding. By experimental, we found that the SNR are improved of the improved algorithm, It is more apparent especially in low bit rate, at the time the coding time faster 0.1s to 0.3s or so than the basic algorithm. Figures 3(a), (b) , and (c) are reconstruction images for the original image, the basic algorithm and improved algorithm in the bit rate of 0.0625 respectively, (d) is the image of three layers of wavelet decomposition and eight level coding, through observation subjective, we found that the improved algorithm of image decoding time and the quality of reconstruction images are better than the original algorithm, especially in the case of low bit rate. According to the shortage of the SPIHT algorithm, it proposes an improved image compression algorithm, using LS9/7 lifting wavelet transform, improved the operation speed and reduce the complexity of the calculation. According to the characteristics of the HVS, the scanning mode and the method to determine the threshold of algorithm are changed, which greatly reduced the computation time. The experimental results have proved that the improved algorithm of image decoding time and the quality of reconstruction images are better than the original algorithm, especially in the case of low bit rate.
The Comparison of the Basic Algorithm and the Improved Algorithm in This Paper
